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WATER AND OIL REPELLENT POLYURETHANE FILM 

5 

FIELD OF THE INVENTION 

This invention relates to water and oil repellent, polyurethane continuous 
films with good water vapor transmission rate (MVTR). 

10 

BACKGROUND OF THE INVENTION 

There are two state-of-the-art methods to obtain a film that is water-proof 
but water vapor permeable. Method 1 employs hydrophobic polymeric 

15 membranes with microporous structures which allow only molecules in the 

vapor phase to pass through. A representative of this class of membranes or 
films is expanded porous polytetrafluoroethylene (ePTFE) which is described in 
U.S. Patent No. 3,953,566. Method 2 is to make a nonporous continuous 
hydrophilic polymeric film which is waterproof. The hydrophilicity of these films 

20 allows water molecules to pass through. It is obvious that the water vapor 
transmission mechanism is totally different for these two types of films. In 
Method 1 water vapor passes through the micropores but liquid water is 
prevented from passing through because of the hydrophobic nature of the 
polymer. In contrast in Method 2 there are no pores in the polymer, but water 

25 vapor can pass through because the polymer structure is such that it is 
amenable to molecular transfer of individual water vapor molecules. 

Hydrophilic polyurethanes, i.e., polyurethanes with hydrophilic soft 
segments such as polyethylene oxide, are common continuous hydrophilic 
polymers used to make waterproof, water vapor permeable films, laminates 

30 thereof and continuous coatings thereof on textiles. These polymer films are 

disclosed in U.S. Patent No. 4,273,911, U.S. Patent No. 3,164,565, U.S. Patent 
No. 3,901,852, U.S. Patent No. 4.367.327. U. S. Patent No. 4.532,316, and 
U.S. Patent No. 4.686,137. 

Due to the affinity of polyurethane for many solvents, oils and other 

35 organic liquids, polyurethane films have limited applicafions. They either swell 
or are dissolved upon contacting with solvents, oils and other liquids including 
water for hydrophilic polyurethane films. This property precludes their use or 
become a disadvantage in applications involving contacting with liquids that 
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swell or dissolve the film. It would be advantageous, and it is a purpose of this 
invention to provide a hydrophilic polyurethane, i.e., one that transports water 
vapor molecules, but which also has enhanced resistance to oil and water. 

U.S. Patent No. 3,879,493 discloses a water vapor permeable polymeric 
5 composition comprising a homogeneous blend of a hydrophilic thermoplastic 
polymer with a hydrophobic polymer, mainly polyurethane. This has some 
enhanced polymer properties but does not have good water and oil repelience, 
or solvent resistance. 

U. S. Patent No. 5,447,783 discloses a multicomponent film having three 

10 layers. The outer layers comprise a continuous layer of a hydrophobic 

copolyetherester elastomer. The inner middle layer is a continuous layer of a 
hydrophilic copolyetherester elastomer. U. S. Patent No, 4,769,273 disclosed 
a bicomponent film with a hydrophilic copolyester elastomeric layer and a 
hydrophobic copolyester elastomeric layer. These films are not adequate as 

15 water, oil and solvent repellents. 

An article by H. Zhou et al (J. of East China Inst. Of Textile Sci. and 
Tech.. English Edition, 1984, 1, No. 1. April, page 69) describes the production 
of waterproof, vapor-permeable coatings (for fabrics) by blending hydrophobic 
and lipophobic polymers. The coating films are not adequate as water, oil and 

20 solvent repellents. 

Japanese Patent JP 62,103,134 discloses a waterproof, water vapor 
permeable composite by impregnating a hydrophobic polymer with cellulosic 
fiber, paper or non-woven fabrics. The hydrophobic polymers can be acrylic 
emulsions, synthetic rubber latex, polyurethane emulsion or vinylidenechloride 

25 latex. 

There is a need for a waterproof, water and oil repellent, solvent resistant 
and water vapor permeable film of a hydrophilic polyurethane. 



SUMMARY OF THE INVENTION 

30 

As pointed out above, it is a purpose of this invention to provide a 
hydrophilic polyurethane with enhanced oil and water repelience. 

More specifically, this invention is directed to the use of organic polymers 
containing perfluoroalkyi alt<yl pendant side chain or side chains terminated 
35 with perfluoroalkyi alkyi groups as coatings on hydrophilic polyurethane 

substrate films. The organic polymer imparts water and oil repelience, while 
the hydrophilic polyurethane film remains hydrophilic and provides good 
moisture vapor transmission rates (MVTR). 
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By "hydrophilic" is meant that the polymer has an affinity for water and 
will allow water molecules to pass through. 

By "pendant" is meant that the side chains depend from recurring 
backbone units of the polymer. 

DETAILED DESCRIPTION OF THE INVENTION 



Organic Polymers Containing Perfluoroalkvl Grouos : 



10 The following polymers are examples of the polymers of this class. 

(1) Polymers made from perfluoroalkyl acrylates and methacrylates: 

Some monomers of this class of polymers are shown as in 1 - 3 below, 
where R = H or CH3; R' = H or lower alkyi such as methyl, ethyl, butyl; m is 
an integer from 1 to 15 and n is an integer from 3 to 17. 



15 



R O 

CH2=C-C-0(CH2)m(CF2)nCF3 



R O R' O 

I II I II 

CH2=C-C-0(CH2)m-N-S— (CF2)nCF3 

O 

R O 
I II 

CH2=C-C-0(CH2)m(CF2)nCF(CF3)2 



(2) Polyurethanes containing perfluoroalkyl groups: 

These polymers contain urethane and/or urea groups and have pendant 

20 perfluoroalkyl groups or perfluoroalkyl group terminated side chains. This class 
of materials are particularly important because of their urethane nature which 
offers good adhesion with the polyurethane substrate film surface through 
strong interface interaction including hydrogen bonding and compatibility. The 
urethane and/or urea linkages can be either incorporated in main chain 

25 backbone or in pendant side chains. In other words, they can either be 
polyurethanes and/or ureas having pendant side chains terminated with 
perfluoroalkyl groups or any polymers having pendant side chains containing 
urethane and/or urea linkages as well as perfluoroalkyl groups as the terminate 
group. Some examples of this class of polymers are shown as below. 

30 (a) Polymers of the formula: 
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10 



20 



O O O O 

/ II II II II X 

-f-OCN -Ri— NCO— R2— OCN -R,— NCO— CHjCH^r- 

V I ' I II ^1 

H H H H (CH2)^(CF2)„CF3 



Where Ri= i^>-CH.-<^^ ~'(Z)~*'"'"KZ)~, 



CH,-<^, — (CH2)6— , and the like. 

R2 = polyethers such as poly(ethylene oxide), 

poly(tetramethylene oxide), polyesters such as 
polycaproluctone, poly(hexamethylene adipate), alkyls 
such as (CH2)2.i4 and the like. 

m is an integer from 1 to 1 5 and n is an integer from 3 to 17. 

N denotes number of repeating units of the polymer. 

(b) Polymers of the formula: 



0000 

, II II II II N 

-H-OCN-Ri— NCO--R2— OCN--R1— NCO--R3-4- 
^11 I I ^ 

H H H H 



5 

15 where Ri, R2. N, m and n are the same as those in 4. R3 

Is a linkage introduced from Poly-Fox Polyols which is a 
polyether backbone with perfluoroalkyi pendant groups. 



(c) Homopolymer of the monomer: 



CH2=CH 



c=o O O 
I II II 

0(CH2)20CN -Ri-NCO(CH2)ni(CF2)rtCF3 

H H 
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(d) Copolymers made from the monomer used in 6 and other 
copolymerizable monomers such as methyl (meth)acrylate, 
(methyl) butyl meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl 
acrylate, styrene. vinyl acetate, vinyl chloride, and the like. 

(3) Other polymers that contain perfluoroalkyi side chain groups: 

Other polymers that contain perfluoroalkyi group or perfluoroalkylalkyi 
can be used as coating materials. Such polymers include perfluorinated 
polyesters, polyamides, polyimides and vinyl polymers. 

HvdroDhilic Polvurethane Films : 

The hydrophilic polyurethane films used in this invention can be any type 
of polyurethanes having hydrophilic soft segments which have water vapor 
15 transmission properties. Films made from polyurethanes derived from 

polyethylene glycol diol and any type of diisocyanates and chain extender are 
particulariy preferred. A specific example is the polyurethane made from 
polyethylene glycol diol, methylenedi-p-phenylene diisocyanate and a chain 
extender such as butanediol. The films can be made by extrusion or casting 
20 and range from 0.5 mil to 5,0 mil in thickness. 

Coating Processes : 

Various types of coating processes can be used. Coating can be done 
25 by spray coating or dip-in coating or the like. Coating thickness is controlled by 
the method and by solid content (concentration) in the coating solution. Any 
other conventional coating methods may also be used. 

For solution coating, the guidelines for solvent selection are (1) the 
coating material must be able to be dissolved in the solvent, (2) the solvent 
30 should not dissolve the polyurethane film (3) the solvent can be removed below 
the temperature at which the polyurethane film melts and (4) the polyurethane 
film can be wetted by the solvent for uniform coating. Many common solvents 
meet these requirements. 

Due to the fact that hydrophilic polyurethanes are water wettable. Coating 
35 by aqueous emulsion of the polymer provides the most economic procedure. 



5 



10 
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CoatinQ on Both Sides : 

Coating may be on both sides througfi dip-in coating method. The two 
side coated film of the invention is totally water and oil repellent and resistant. 
5 It has oil repellence rating greater than #8 (AATCC standard testing method- 
118) and water contact angle ranging from 1 12° to US'", depending on coating 
material and coating thickness. However, water vapor can still pass through 
the film in high rate. 

10 Coatino on One Side Asymmetric Film : 

Coating can be performed only on one side of the film through either 
spray or kiss coating methods. The one side coated film results in an 
asymmetric film. This type of film has unique properties which offer special 
15 applications. The asymmetric film has one side with extremely low surface free 
energy and the other side with extremely high surface free energy. The low 
surface free energy side is hydrophobic and oleophobic. It is water and oil 
repellent and resistant has oil rating greater than #8 (AATCC standard testing 
method-1 18) and water contact angles ranging from 112° to 118°, depending 
20 on coating material and coating thickness. The high surface free energy side is 
hydrophilic and oleophilic, the same as uncoated film. It can be wetted by 
water and oil readily. The asymmetric film will have a different water vapor 
transmission rate depending on which side is placed toward a vapor source. In 
one test, when the low surface free energy side was toward water, an MVTR 
25 was obtained slightly tower than the untreated film. When the high surface free 
energy side was toward water, an MVTR was obtained that was the same 
value as the untreated film. 

These unique properties of the asymmetric film can provide some special 
applications. For example, the film can be used in places where selective 
30 MVTR is required. It can be used in lamination with the high surface free 

energy side having better adhesion to the substrate, while the low surface free 
energy side is water and oil repellent and resistant. 

Without intending to limit the scope of the present invention, the 
apparatus and method of production of the present invention may be better 
35 understood by referring to the following examples: 

The oil rating tests were done with AATCC standard test method 118. 
The water contact angle measurements were performed on Rame-Hart 
Goniometer Model A100. MVTR values were obtained with Dry Modified 
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Desiccant Method (MDM dry method). In the MDM dry method, the sample is 
exposed to approximately 90% relative humidity (no water contact) on one side 
while a desiccant on the opposite side draws vapor through the material. The 
transmission rate is expressed in grams weight gain of the desiccant per 
5 square meter of material exposed to the desiccant per 24 hours (g/m^.24hrs). 

Example 1 : 

Milease F-95 emulsion, a perfluoroall<ylalkyl acrylate emulsion (50 ml), 
10 from Asahi Glass Co., Japan was mixed with 150 ml of water at room 
temperature to make a diluted emulsion. A polyethylene glycol diol and 
methylenedi-p-phenylene diisocyanate based hydrophilic polyurethane film of 
1.0 mil thickness was treated on both sides with the diluted emulsion by means 
of a sprayer. The treated film was air dried to dryness and then heated in an 
1 5 oven at lOO^C for 1 0 minutes. 

Tested with #8 oil. The oil rolled off from the surface, indicating that it 
has an oil rating #8 or above. Water contact angle was 112*^. MVTR was 
2 J 70 (g/m^24hrs). 

20 Example 2: 

The same polyurethane film as that used in Example 1 was treated with 
the same diluted emulsion as that in Example 1 on one side of the film by 
spraying the emulsion on one side. The treated film was first air dried to 

25 dryness and then oven dried at lOO^C for 10 minutes. 

Test results fl-om the treated side: Tested with #8 oil, the oil rolled off 
from the surface, indicating that It has oil rating #8 or above. Water contact 
angle was 113°. MVTR (measured by facing the treated side toward water) 
was 1,591 (g/m^.24hrs). 

30 Test results from the untreated side: Tested with #1 oil, the oil was 

absorbed into the film immediately, indicating that it has an oil rating less than 
#1. Water was also absorbed into the film immediately. MVTR (measured by 
facing the untreated side toward water) is 4,071 (g/m^.24hrs). 

35 Example 3: 

A further diluted emulsion was prepared by adding 350 ml of water into 
50 ml of the diluted emulsion from Example 1 . The same film as in Example 1 
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was treated on both sides with such further diluted emulsion. The treated film 
was first air dried to dryness and then oven dried at 100°C for 10 minutes. 

Tested with #8 oil, the oil rolled off from the surface, indicating that it has 
an oil rating #8 or above. Water contact angle was 116**. MVTR was 5,150 
5 (g/m^.24hrs). 

Example 4: 

The same film as that used in Example 1 was treated on one side of the 
10 film with the same further diluted emulsion as that in Example 3 by spraying the 
emulsion on one side. The treated film was first air dried to dryness and then 
oven dried at 100*^C for 10 minutes. 

Test results from the treated side: Tested with #8 oil. the oil rolled off 
from the surface, indicating that it has an oil rating #8 or above. Water contact 
15 angle was 118°. MVTR (measured by facing the treated side toward water) 
was 3,472 (g/m^.24hrs). 

Test results from the untreated side: Tested with #1 oil and also with 
water, both the oil and water were absorbed into the film immediately, 
indicating that it is water wettable and has an oil rating less than #1 . MVTR 
20 (measured by facing the untreated side toward water) was 1 1 ,254 
(g/m^.24hrs). 

Example 5: 

25 A polyethylene glycol diol and methylenedi-p-phenylene diisocyanate 

based hydrophilic polyurethane film of 2.0 mil thickness was treated on one 
side of the film with the same further diluted emulsion as that in Example 3 by 
spraying the emulsion on one side. The treated film was first air dried to 
dryness and then oven dried at lOO^C for 10 minutes. 

30 Test results from the treated side: Tested with #8 oil, the oil rolled off 

from the surface, indicating that it has an oil rating #8 or above. Water contact 
angle was 1 1 7°. MVTR (measured by facing the treated side toward water) 
was 4,253 (g/m^.24hrs). 

Test results from the untreated side: Tested with #1 oil and also with 

35 water, both the oil and water were absorbed into the film immediately, 

indicating that it is water wettable and has an oil rating less than #1 . MVTR 
(measured by facing the untreated side toward water) is 7,291 (g/m^.24hrs). 
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Example 6: 

A solution was prepared by dissolving 1 .5 grams of a copolymer 
containing units of perfluoroalkyi methacrylate in 100 mi of 1,3-trifluoromethyl 
5 benzene by warming. Tlie same film as tinat used in Example 1 was treated 
with tine solution on both sides by spraying. The treated film was first air dried 
to dryness and then oven dried at 100°C for 10 minutes. 

Tested with #8 oil, the oil rolled off from the surface, indicating that it has 
an oil rating #8 or above. Water contact angle was 1 15^. MVTR was 7,493 
10 (g/m^.24hrs). 

Example 7: 

The same film as that used in Example 1 was treated on one side of the 
15 film with the same solution as that in Example 6 by spraying the solution on 
one side. The treated film was air dried to dryness and then oven dried at 
100**C for 10 minutes. 

Test results from the treated side: Tested with #8 oil, the oil rolled off 
from the surface, indicating that it has an oil rating #8 or above. Water contact 
20 angle was 1 1 8°. MVTR (measured by facing the treated side toward water) 
was 6,885 (g/m^-24hrs). 

Test results from the untreated side: Tested with #1 oil and also water, 
both the oil and water were absorbed into the film immediately, indicating that it 
is water wettable and has oil rating less than #1 . MVTR (measured by facing 
25 the untreated side toward water) was 8.795 (g/m^.24hrs). 

Example 8: 

A diluted solution was prepared by adding 50 ml of 1,3-trifluoromethyl 
30 benzene to 25 ml of the solution from Example 6. The same film as that in 

Example 1 was treated with the diluted solution on both sides by spraying. The 
treated film was air dried to dryness and then oven dried at lOO^C for 10 
minutes. 

Tested with #8 oil, the oil rolled off from the surface, indicating that it has 
35 an oil rating #8 or above. Water contact angle was 117°. MVTR was 7,840 
(g/ml24hrs). 
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Example 9: 

The same film as that used in Example 1 was treated with the same 
diluted solution as that in Example 8 on one side of the film by spraying the 
5 solution on one side. The treated film was air dried to dryness and then oven 
dried at 100°C for 10 minutes. 

Test results from the treated side: Tested with #8 oil, the oil rolled off 
from the surface, indicating that it has oil rating #8 or above. Water contact 
angle was 117°. MVTR (measured by facing the treated side toward water) 
10 was 8,043 (g/m^24hrs). 

Test results from the untreated side: Tested with #1 oil and also water, 
both the oil and water were absorbed into the film immediately, indicating that it 
is water wettable and has an oil rating less than #1 . MVTR (measured by 
facing the untreated side toward water) was 13,163 (g/m^.24hrs). 

15 

Example 10: 

The same film as that used in Example 5 was treated on both sides with 
the same diluted solution as that in Example 8 by spraying. The treated film 
20 was first air dried to dryness and then oven dried at lOO^C for 10 minutes. 

Tested with #8 oil, the oil rolled off from the surface, indicating that it has 
an oil rating #8 or above. Water contact angle was 118°. MVTR was 5,526 
(g/m^.24hrs). 

25 Example 11: 

The same film as that used in Example 5 was treated on one side of the 
film with the same solution as that in Example 8 by spraying the solution on 
one side. The treated film was air dried to dryness and then oven dried at 
30 1 00°C for 1 0 minutes. 

Test results from the treated side: Tested with #8 oil, the oil rolled off 
from the surface, indicating that it has an oil rating #8 or above. Water contact 
angle was 117°. MVTR (measured by facing the treated side toward water) 
was 5,494 (g/m^.24hrs). 
35 Test results from the untreated side: Tested with #1 oil and also water, 

both the oil and water were absorbed into the film immediately, indicating that it 
is water wettable and has an oil rating less than #1 . MVTR (measured by 
facing the untreated side toward water) was 7,667 (g/m^.24hrs). 
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Example 12: 

Milease F-95 emulsion, a perfluoroalkyi aery late aqueous emulsion from 
5 (20 ml) Asahi Glass Company, Japan was mixed with 80 ml of water at room 
temperature to make a diluted emulsion. The same film as that used in 
Example 1 was treated with the emulsion on one side of the film by spraying 
the emulsion on one side. The treated film was air dried to dryness and then 
oven dried at 100°C for 10 minutes. 
10 Test results from the treated side: Tested with #8 oil, the oil rolled off 

from the surface, indicating that it has an oil rating #8 or above. It was water 
repellent. MVTR (measured by facing the treated side toward water) was 
2.112 (g/m^24hrs). 

Test results from the untreated side: Tested with #1 oil and also water, 
15 both the oil and water were absorbed into the film immediately, indicating that it 
is water wettable and has an oil rating less than #1 . MVTR (measured by 
facing the untreated side toward water) was 5,092 (g/m^.24hrs). 



20 
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WE CLAIM: 

1 . A hydrophilic polyurethane film having at least one surface coated with an 
organic polymer having pendant perfluoroalkylalkyi or perfluoroalkyi 

5 groups as side chains. 

2. The polyurethane film of Claim 1 wherein the organic polymer has 
pendant perfluoroalkylalkyi groups as side chains. 

3. The polyurethane film of Claim 2 wherein the organic polymer is a 
perfluoroalkylalkyi acrylate or methacrylate. 

10 4. The polyurethane film of Claim 3 or 4 wherein the perfluoroalkylalkyi 
groups have the formula 

CF3-(CF2)n-(CH2)2 

wherein n is an integer of 3-17, 

5. The polyurethane film of Claim 1 wherein the organic polymer contains 
15 urethane or urea linkages. 

6. The polyurethane film of Claim 1 or 5 wherein the organic polymer has 
recurring structural units of the formula 

R 

c=o 
I 

O— (CH2)t„— (CF2)nCF3 

wherein R is H or -CH3, m is an integer of 1-15 and n is an integer of 3- 
20 17. 
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